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AB STRACT 
It is possible to detect the low awakening levels of human beings 
under working like driving a car by the appearance of grouped a 
waves of electroencephalograms. To do this detection, slopes of 
correlation integral is one of useful statistics, but length of the time 
required to calculate the slopes is too long to do a real-time processing. 
The purpose of this paper is to propose a method of realizing high 
reliable and high speed detection, instead of the slopes of correlation 
integral. To accomplish the purpose, a variable named "Self-
Similarity" is defined and applied to real EEGS under driving. 
1. INTRODUCTION 
It is observed that grouped a waves (GAWs) of electroencephalo-
grams (EEGS) are closely linked to the low awakening levels of human 
beings. Monitoring GAWS is one of method of detecting the low 
awakening conditions of human beings . 
We already reported a filtering method of picking up the 
components of grouped a waves and proposed using of the slopes of 
correlation integral (CR) to detect the appearance of GAWs. The CR is 
useful to detect the appearance of GAWs, but the time required to 
calculate CR is too long to realize a real-time processing. Therefore, 
the purpose of this paper is to propose another method, instead of the 
slopes of CR. In order to accomplish the purpose, we define a variable 
named Self-Similarity (SS) and apply the SS to detect real GAWS 
under driving. And then we discuss the effect and credibility of t,he 
variable SS. 
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2. METHODS 
2.1 Object data 
Our object data are EEGS Of human beings who are driving in a test 
course under the following conditions: 
(1) subjects: three normal males of 20 years of age; 
their driving career varies from six months to two years. 
(2) experiments: driving for one hour after having a lunch, and 
keeping 60 Km/h. 
(3) car: a jeep with a diesel engine. 
(4) EEGs: C8-0* with 10-20 methods. 
(5) weather: fine. 
(6) temperature: 15~C 
2 .2 Analytical methods 
(1) filtering the measured EEGS to obtain the components of GAWs. 
(2) calculations of CR every 2.5 sec. 
(3) defining a variable named "SS" as follows: 
""""' (2.2.1) SS= ~ @ (r-sim) 
~)(t)=0 when t<0, R(t)=1 when t~O 
sim= ~ x(t*) ･ x(t*)/n, t*=k ･ A t, 
n:numbers of one cycle of a wave 
(4) calculations of SS about the filtered data. 
(5) comparing the results of (3) with (4) to discuss the effect and 
credibility of the variable. 
3. RESULTS 
Fig.1 is an example of filtered EEGS during the I minute when 30 
minutes passed after the experiment began. Fig. 2 is the values of 
"sim" in (2.2.1). The values of "sim" are large when GAWS appear. 
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Fig.3 is the values of SS during the 7 minutes when 30 minutes 
passed after the experiment began. The large cycles with positive 
values correspond to the appearance of GAWs. Fig.4 is the changes of 
the slopes of CR. The large cycles show the appearance of GAWs. 
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Fig. 1 Example of filtered EEGS 
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Fig.2 Values of "sim" for the filtered EEGS in Fig.l 
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Fig.3 Changes of self similarity during the 7 minutes 
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Fig.4 Changes of the slopes of correlation integral (CR) 
4. DISCUSSIONS 
By comparing the values in Fig.3 with those in Fig.4, both variables 
show effectively the appearance of GAWS . But the SS has a value in 
proportion to the length of GAWs, and the time of calculation is about 
l/1240. Therefore, it is observed that the SS is more stable to detect 
the low awakening conditions of human beings than the CR is . 
5. CONCLUSIONS 
From above trials, we conclude as follows: 
(1) we detect the low awakening conditions of human beings under 
driving by the appearance of grouped a waves. 
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(2)slopes of correlation integral show the existence of grouped a 
waves. 
(3) the defined variable named Self-Similarity is also useful to detect 
grouped a waves. 
(4) in order to detect grouped a waves, the Self-Similarity is more 
stable than the slopes of correlation integral are; it produces the 
r shortness of calculation and the length of grouped a waves. 
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